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Agriculture is not only inﬂuenced by climate change, but it is also one of the signiﬁcant contributors of CO2 emission. Understanding CO2 emission and macroeconomic variables is critical to
solving the challenges and threats faced by Kenya's agriculture and environment. This study used
the Environmental Kuznets Curve (EKC) hypothesis and the autoregressive distribution lag model
(ADLM) to analyze the relationships of CO2 emission with agricultural output, government direct
investment, trade openness, and inﬂation rate in Kenya from 1983 to 2019. The study found that
there exists a positive (direct) relationship between CO2 emission and foreign direct investment in
the long run in Kenya. Additionally, CO2 emission and trade openness have a negative (indirect)
and statistically signiﬁcant relationship after the error correction term adjustment in the long run.
Moreover, the relationship between CO2 emission and agricultural output is positive (direct) and
statistically signiﬁcant in the long run. There is a positive (direct) and statistically insigniﬁcant
relationship between CO2 emission and inﬂation rate in the short run. Notably, the EKC hypothesis
indicated that the Kenya's economy is still on the environmental degradation trade-off through the
gradual increase of both CO2 emission and agricultural output. Our results are important to
Kenya's economy because the derived insights will assist in relevant departments to formulate
sustainable strategies to minimize environmental degradation.

1. Introduction
The agricultural sector, which entails livestock rearing and crop production, is one of the most signiﬁcant industries in Kenya in
terms of food security, economic growth, job creation, off-farm employment, and foreign exchange earnings. It is also the primary source
of income for most Kenyans. Climate change is a signiﬁcant concern for agricultural industry. Agriculture output in Kenya accounts for
slightly more than one ﬁfth of the country's Gross Domestic Product (GDP) and generates more than half of the country's foreign exchange proﬁts. Agriculture and other associated industries provide a living for 65.00% of the population who live in rural regions of
Kenya (Francis et al., 2015). Kenya's agriculture is mainly small-scale, with rain-fed agriculture accounting for 75.00% of the overall
agricultural output. Livestock output accounts for around 40.00% of agricultural output and employs roughly 50.00% of the agricultural
labor force (Agboola and Bekun, 2019; Agovino et al., 2019).
According to the report of the United Nations Environmental Programme (UNEP), mitigating the effects of climate change in Kenya
would be costly (UNEP, 2011). In the context of the emerging climate ﬁnancing architecture, the preferred solution for the governments
of Kenya is to effectively ensure climate ﬁnancing according to its terms, domestic skills and capabilities, and national priorities to
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address urgent mitigation and adaptation needs. However, various obstacles may impede the effective implementation of solutions,
including the inefﬁcient regional and domestic policy environment, unmonitored ﬁnancial management and ﬁduciary standards,
incoherent and uncoordinated institutional arrangements for governance at the national and county levels, and a domestic private sector
that is not fully engaged in climate issues (UNEP, 2011; Willy et al., 2019).
The agriculture and environment of Kenya are confronted with numerous challenges and threats, including ecosystem degradation,
climate variability and change, the use of unsustainable production methods, limited technical and ﬁnancial resources, limited value
addition, and weak institutional coordination, all of which threaten agricultural production and productivity, as well as food and
nutrition security. The mean annual temperature is expected to rise by 0.8 C–1.5  C in the 2030s and 1.6 C–2.7  C in the 2060s in the
intertropical region (Willy et al., 2019). Temperature has increased across all seasons from 1960 to 2013, but it was most noticeable
from March to May and varied by location in Kenya (Ndambiri et al., 2013; Vigren Skogseid, 2017).
The effects of climate change can be reﬂected in the increasing droughts and ﬂoods, the increase of soil erosion and deforestation, the
loss of soil fertility, and the reduction of production. Climate change, such as rising temperatures, changing rainfall patterns, and
frequent catastrophic weather events, has made the agricultural industry increasingly susceptible. Climate change is anticipated to
improve the growth conditions for speciﬁc crops while making future climatic conditions unbearable for others (Ndambiri et al., 2013).
For example, the yields of maize are expected to grow in mixed rain-fed temperate and tropical highlands by 2050, but crop yields and
animal numbers are expected to fall in dry and semi-arid regions as water resources become increasingly limited (Akintunde, 2017;
Agboola and Bekun, 2019).
Agriculture is not only inﬂuenced by climate change, but it is also one of the signiﬁcant contributors of greenhouse gas (GHG)
causing climate change, indicating that synergy between adaptation and mitigation plans and activities is necessary (Johnson et al.,
2014). According to the World Bank (2022a), Kenya's agriculture contributes signiﬁcantly to the climate challenge. It presently accounts
for 19.00%–29.00% of the total GHG emission. If nothing is done, that proportion might rise signiﬁcantly as other sectors lower their
emissions (World Bank, 2022a). As a result, it is critical to foster synergies in food and nutrition security, poverty reduction, adaptation,
and mitigation. Agroforestry, for example, has the potential to cut 4.20  109 kg of carbon dioxide equivalent (CO2e) in Sub-Saharan
Africa by 2030 while also providing climate resilience advantages, such as better soil quality and health, improved water retention in the
soil, and reduced soil erosion and degradation (Kuyah et al., 2019).
Carbon emission and climate change are critical issues in many spheres of development, with governments attempting to mitigate
the negative impacts of economic development on the environment (Azarkamand et al., 2020; Haseeb and Azam, 2021). Whereas the
Kenya's economy has witnessed massive industrialization and economic development over the last few decades, there were calls for
efﬁcient food production to meet the increasing demand of food nationally in the face of recurring droughts and adverse weather
patterns (McGahey et al., 2014). Agricultural, industrial, and economic development face opposing pressures to reduce carbon emission.
Studies have shown that climate change has contributed to adverse the variability of temperature and rainfall (Mwangi, 2012; Lagat and
Nyangena, 2018). Various scholars have documented the link between economic development and the deterioration of environment
(Qureshi et al., 2016; Kong'o et al., 2018).
Several factors in economy contribute to environmental degradation. Nonetheless, carbon footprint is among the top leading causes
of environmental destruction (UNEP, 2011; Lu et al., 2015). Carbon footprint can be described as the total GHG emission caused by an
individual, organization, event, or product. According to Harrabin (2020), the global per capita annual carbon footprint was 700 kg from
food, 1100 kg from home, 800 kg from transport, and 800 kg from other sectors. Carbon footprints are more focused than ecological
footprints as they only measure gasses emitted into the atmosphere that cause climate change (Hammond, 1995; Kastratovic, 2019).
Kenya's CO2 emission was 16.40  109 kg in 2020, with an annual increasing rate of 3.29% from 1971 (3.80  109 kg) (World Bank,
2022b). These values were 0.13% of global GHG emission. The World Bank had recorded a gradual surge of CO2 emission by 7.20% in
2016 for Kenya (World Bank, 2022b). The increase can be attributed to many factors, one of which is population growth (United States
Agency for International Development, 2017). In comparison to industrial countries like the United States, China, and other European
Union members, the per capita CO2 emission for the East African countries are arguably quite low. Nevertheless, East African countries
beneﬁt from early learning and participation in environmental activism and awareness, and hence they do not need to wait long for per
capita GDP to increase to levels found in industrialized nations before enjoying a cleaner environment.
Kenya's Intended Nationally Determined Contribution commits to reducing GHG emission by 30.00% (1.43  1011 kg CO2e) relative
to business-as-usual levels by 2030 based on receiving international ﬁnance, investment, technology development and transfer, and
support capacity-building (Ministry of Environment and Natural Resources, 2015). The Intended Nationally Determined Contribution
noted that Kenya would expand geothermal, solar, and wind energy production based on the National Climate Change Action Plan
(NCCAP). The NCCAP will adopt low-cost, “climate-smart” technologies to minimize carbon emission, enhance soil carbon sequestration, and increase campaigns on afforestation and reforestation in at least 10.00% of Kenya's land, using 2015–2030 Climate Smart
Agriculture Framework Programme in line with the NCCAP Framework, for improving the management of waste (e.g., waste recycling
and landﬁll gas management) (Government of the Republic of Kenya, 2018).
Energy consumption has also attributed to the increase of carbon emission in Kenya. According to Kong'o et al. (2018), CO2 emission
as a leading source of GHG is mainly due to energy consumption, i.e., the burning of fossil fuels such as petroleum products and gas.
However, CO2 emission, especially in developing countries, spreads across the atmosphere to other countries. Hence, a country is likely
to be less incentivized in terms of CO2 emission during the period of rapid economic expansion (Qureshi et al., 2016; Kong'o et al., 2018).
According to the Food and Agriculture Organization (FAO) (2020), activities in the agricultural sector globally (related to land use
change and farmgate activities) contributed 9.30  103 kg CO2e in 2018. Land use activities, such as deforestation, fertilizer usage,
livestock production, drainage of wetlands, and burning of organic waste, were highlighted as the common factors contributing to CO2
emission in the agricultural sector.
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Kenya will require more fertilizer and other inputs to satisfy food security demands and grow crops for export markets, thus
increasing GHG emission (FAO, 2020). Moreover, livestock, which is a signiﬁcant producer of methane, also plays a role in increasing
GHG emission (World Bank, 2022b). Nonetheless, in terms of establishing the systems used by pastoralists, due to ﬁnancial capital
constraints and a lack of technical expertise, pastoralist communities are hindered from obtaining more efﬁcient and environmentally
friendly inputs, systems, and services (McGahey et al., 2014). Therefore, while climate resilience is vital in Kenya, mitigation is also
necessary because the agricultural industry is a signiﬁcant and rising source of GHG emission (Badgley et al., 2007).
Notably, the NCCAP has identiﬁed priority areas for low-carbon development. It stated that Kenya would not need to implement
measures to reduce GHG emission if these measures endanger the country's capacity to feed its people or diminish export proﬁts (Duku
et al., 2018; Government of the Republic of Kenya, 2018). Additionally, environmental pollution is becoming an increasingly serious
problem in emerging countries as these countries consume more energy to achieve greater economic growth. Consequently, these
countries face additional environmental issues (Duku et al., 2018). As a middle-income country, Kenya suffers the same issues as other
emerging countries.
According to the research of United States Agency for International Development (2017), the agricultural sector contributes more
than 60.00% of Kenya's CO2 emission. The country is dependent on agriculture to boost its economic growth. Most of the country's
increasing population is also dependent on primary activities like agriculture and mining as a source of food and household income.
Therefore, the results of this study are signiﬁcant to the economic policy makers in Kenya because they will provide insights on how GDP
and other macroeconomic variables affect the environment.
The deterioration of the environment linked to economic development is undeniable. The researches of Odero-Waitituh (2017) and
Lagat and Nyangena (2018) depicted how population growth has encroached on natural habitats to clear lands for human activities. The
UNEP (2011) and United States Agency for International Development (2017) explained how economic development activities have
increased environmental degradation in Kenya and other developing countries. Besides, Kong’o et al. (2018) and Wendling et al. (2018)
stated the importance of evaluating policies to achieve a sustainable economy.
In pursuit of sustainable development, Kenya will require policy amendments to align its economic policy plans with the Sustainable
Development Goals to meet its vision for 2030. This study intends to reveal the relationships of CO2 emission with agricultural output,
foreign direct investments, inﬂation rate, and trade openness to ﬁll the knowledge gap. The study will also help in clearing the controversy on the Environmental Kuznets Curve (EKC) hypothesis since the research relies on its framework. According to the hypothesis,
it is expected that economic growth will eventually limit the environmental degradation created in the early stages of development
(Dinda, 2004). The relationship between environmental degradation and income is usually quadratic, with the turning point occurring
at the maximum pollution level, thus, graphically, the correlation is portrayed as an inverted U-shaped pattern (Dinda, 2004, 2005;
Kaika and Zervas, 2013; Kong'o et al., 2018).
In summary, discussions on economic development and environmental protection have also been on the rise in the current century
(Parrique et al., 2019). Additionally, the EKC hypothesis has been used by different scholars to determine its validity by establishing a
relationship between income and environmental degradation (Dinda, 2004; Kaika and Zervas, 2013; Kong'o et al., 2018; Agboola and
Bekun, 2019). However, none of these studies covered the contribution of agriculture to CO2 emission in Kenya despite it is listed as one
of the countries with the highest GHG emission. Therefore, this study provides a reliable framework in evaluating the relationship
between CO2 emission and agricultural output. Agricultural output was used as the income construct while CO2 emission represented
the environmental component (Dinda, 2004). Additionally, trade openness, foreign direct investment, and inﬂation rate were identiﬁed
as key factors affecting agricultural output in most developing countries (Kong'o et al., 2018; Agboola and Bekun, 2019). Notably, the
Kenya's economy relies on trade openness and foreign direct investments (Agboola and Bekun, 2019). On the other hand, inﬂation rate is
a key determinant of the value of the Kenya's currency (Kong'o et al., 2018). Consequently, the cost of the agricultural output is also
affected by inﬂation rate as well as other agricultural services like farmers' education. Therefore, the study further assesses the impact of
inﬂation rate on agricultural output.
2. Methodology and data analysis
2.1. Study area
The study area is Kenya (5 N–4 S and 34 –42 E), which is in East Africa. It lies in the south of Ethiopia, the west of Somalia, the east
of Uganda and South Sudan, and the north of Tanzania, and borders the shore of the Indian Ocean in the southwest. The climate in the
Kenya varies according to its geographical location. Most of the highlands around Mounts Kenya and Elgon are considered cold and wet
for most of the year, while the coastal regions are mostly warm. The arid and semi-arid lands are devoid of rainfall with high temperatures and sporadic ﬂoods. These lands are prone to droughts during the period of dry seasons. According to the World Bank (2019),
Kenya's GDP was 8.79  1010 USD in 2019. The foreign direct investment increased by 1.13  106 USD in 2019 and had a trade openness
of 33.40% in 2019.
2.2. Methods and model speciﬁcation
The study used the secondary data sourced from the World Bank, Kenya National Bureau of Statistics, and the Environmental
Performance Index. Researchers logged into their accounts which were provided access to the speciﬁc databases. Filters like country
(Kenya), time (year), and variable (GDP) were used. The time-series data were recorded once a year from 1983 to 2019. Extracted data
were stored in excel sheets and cleaned in preparation for further analysis using Stata. Descriptive statistics were used to summarize and
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describe data, while inferential statistics enabled the researchers to provide an opinion based on the data about the economy. The
analysis process of time-series data underwent a sequential step recommended by previous studies on time-series research (Dogan and
Ozturk, 2017; Khan et al., 2019; Erdogan and Solarin, 2021).
The study adopted a longitudinal time series to evaluate the long-run and short-run relationships between CO2 emission and selected
macroeconomic variables (foreign direct investment, agricultural output, inﬂation rate, and trade openness) in Kenya. According to the
ﬁnding of Velicer and Molenaar, 2013, the research design helped to isolate relationships among the variables measured repeatedly at
regular intervals over time. Additionally, the research of Salkind (2010) noted that time-series analysis can explain the underlying
processes and the patterns of change over time. It can also evaluate the effects of either planned or unplanned intervention. The analysis
process of the current study involved univariate plotting, unit root testing, selection of optimal lag length, cointegration testing, vector
error correction, and post-analysis diagnosis.
This study adopted the autoregressive distribution lag model (ADLM) to analyze the data obtained. The general ADLM that was used
in the study is shown as follows:
ΔYt ¼ ρi εti þ

Xρ
i¼0

βΔYti þ

Xρ
i¼0

αΔXti þ ⋯ þ

Xρ
i¼0

λΔGti ;

(1)

Fig. 1. Variation trends of CO2 emission (a), agricultural output (b), foreign direct investment (c), inﬂation rate (d), and trade openness (e) in Kenya
from 1983 to 2019.
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where ΔY is the dependent variable, that is, the amount of CO2 emission (kg); t represents the time; i represents 0, 1, 2, 3,…., N; ΔX is the
regression vector composed of foreign direct investment, agricultural output, inﬂation rate, and trade openness; ε represents the error
term; ρ represents the estimated coefﬁcient of the lagged error term; α and β represent the estimated coefﬁcients of X and Y, respectively;
λ represents the error-correction parameter that measured the magnitude of the shift from short-run to long-run; and ΔG represents the
last regression vector used in the study.
The ADLM is one of the common approaches used by other studies to analyze univariate time series (Kong'o et al., 2018; Agboola and
Bekun, 2019; Mahalik et al., 2021). The model ﬁts the analysis in determining how each univariate time-series variable will affect CO2
emission. Additionally, compared with other models, this model can quickly calculate data and provide accurate results that can be
explained. Moreover, macroeconomic variables like inﬂation rate, trade openness, and foreign direct investment were identiﬁed as key
variables in inﬂuencing the ADLM. The model was also identiﬁed as a reliable tool to analyze time-series data and provide both shortand long-term relationships among variables (Kong'o et al., 2018; Agboola and Bekun, 2019).
Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) methods were used for stationarity test and Zivot-Andrews model was
employed to test for structural breaks (Zivot and Andrews, 1992). The study also estimated the optimal lag length using the Akaike
information criterion (AIC) and the Schwarz-Bayesian information criterion (SBIC). Johansen multivariate co-integration test was used
to estimate co-integration and the Vector Error-Correction Model (VECM) was used to determine the magnitude of short- and long-term
relationships among variables (Johansen, 1988). Diagnostic tests were conducted using Lagrange-multiplier, Jarque-Bera, stability, and
Granger causality tests.
3. Results and discussion
3.1. Unit root test results of CO2 emission, agricultural output, foreign direct investment, inﬂation rate, and trade openness
The time-series changes of CO2 emission, agricultural output, foreign direct investment, inﬂation rate, and trade openness are shown
in Fig. 1. These plots exhibited that the initial data were non-stationary. However, statistical estimation was done to provide the evidence. Therefore, the ADF and PP methods were used for the stationary test. The ADF and PP test results indicated that foreign direct
investment and inﬂation rate were stationary at a level that was statistically signiﬁcant at P < 0.01 (Tables 1 and 2). However, CO2
emission, agricultural output, and trade openness were not stationary.
According to the research of Agboola and Bekun (2019), a unit root in a time series may lead to spurious regression if the data are not
stationary. Similarly, Agovino et al. (2019) suggested that unit roots may be eliminated through differencing or natural logs of the
dataset used. Therefore, the current study employed the ﬁrst differencing of the ﬁve variables to determine if they are stationary.
Notably, all the variables became stationary after the ﬁrst differencing, and the results are shown in Tables 3 and 4. The results were
statistically signiﬁcant at P < 0.01 level. Therefore, the null hypothesis was rejected at normal level because there was enough statistical
evidence to prove that all the time-series data were stationary.
3.2. Zivot-Andrew's test results of CO2 emission, agricultural output, foreign direct investments, inﬂation rate, and trade openness
The study applied the ﬁrst model of Zivot-Andrews, which allows a break within the series intercepts. The results of structural breaks
indicated varying years on each variable (Table 5). Notably, agricultural output had an absolute T statistic value of 5.320, which was
less than the critical value of 5.340 at the signiﬁcant level of 1.00% (Table 5). Therefore, we did not reject the null hypothesis and
conclude that agricultural output exhibited a structural break in 2008 that was statistically signiﬁcant at P < 0.01 level (Table 5). These
€
€
and Ozdemir
(2017) and
results concurred with the ﬁndings of Kong'o et al. (2018) and Agboola and Bekun (2019). Similarly, Ozokcu
Stern (2018) noted that structural breaks experienced in 2008 and 2009 were highly attributed to the global ﬁnancial crisis that affected
all economic output worldwide. Therefore, the break year of the agricultural output series was associated with the high prices of
agricultural commodities during this crisis.
The second model of Zivot-Andrews applied was used to allow a break in the trend on each variable. Notably, CO2 emission had an
absolute T statistic value of 3.659, which was less than the critical value of 4.930 at the signiﬁcant level of 1.00% (Table 6).
Therefore, CO2 emission had a break in 1992 that was statistically signiﬁcant at P < 0.01 level (Table 6). During this period, the Kenya
Forestry Working Group was established mainly to lobby against excisions, create public awareness, and maintain a database including
all resources on Kenya's forests (Japan International Cooperation Agency, 2002). Additionally, the Tsunza Conservation and Development Programme was also launched in the coastal region to maintain ﬂora and fauna in the mangrove forests (Japan International
Table 1
Augmented Dickey-Fuller (ADF) test results of CO2 emission, agricultural output, foreign direct investment, inﬂation rate, and trade openness.
Variable

T statistic

P-value

Conclusion

Log(CO2 emission)
Log(agricultural output)
Log(foreign direct investment)
Log(inﬂation rate)
Log(trade openness)

1.337
0.758
5.183
3.815
0.759

0.9968
0.8311
0.0000***
0.0028***
0.8310

At level
At level
At level
At level
At level

Note: ***, P < 0.01 level. At level represents analysis before mathematically differencing the time-series data.
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Table 2
Philips-Perron (PP) test results of CO2 emission, agricultural output, foreign direct investments, inﬂation rate, and trade openness.
Variable

T statistic

P-value

Conclusion

Log(CO2 emission)
log(agricultural output)
Log(foreign direct investment)
Log(inﬂation rate)
Log(trade openness)

1.540
1.283
5.237
3.921
0.912

0.9977
0.6371
0.0000***
0.0019***
0.7840

At level
At level
At level
At level
At level

Note: ***, P < 0.01 level. At level represents analysis before mathematically differencing the time-series data.

Table 3
ADF test results of the ﬁrst differencing of CO2 emission, agricultural output, foreign direct investment, inﬂation rate, and trade openness.
Variable
Differenced
Differenced
Differenced
Differenced
Differenced

CO2 emission
agricultural output
foreign direct investment
inﬂation rate
trade openness

T statistic

P-value

Conclusion

4.375
4.399
9.801
8.802
5.669

0.0003***
0.0003***
0.0000***
0.0000***
0.0000***

At
At
At
At
At

ﬁrst
ﬁrst
ﬁrst
ﬁrst
ﬁrst

difference
difference
difference
difference
difference

Note: ***, P < 0.01 level. At ﬁrst difference means that the ﬁrst order derivative of the variable appears, but no higher order derivatives does.

Table 4
PP test results of the ﬁrst differencing of CO2 emission, agricultural output, foreign direct investment, inﬂation rate, and trade openness.
Variable
Differenced
Differenced
Differenced
Differenced
Differenced

CO2 emission
agricultural output
foreign direct investment
inﬂation rate
trade openness

T statistic

P-value

Conclusion

4.298
4.400
16.387
9.268
5.666

0.0004***
0.0003***
0.0000***
0.0000***
0.0000***

At
At
At
At
At

ﬁrst
ﬁrst
ﬁrst
ﬁrst
ﬁrst

difference
difference
difference
difference
difference

Note: ***, P < 0.01 level. At ﬁrst difference means that the ﬁrst order derivative of the variable appears, but no higher order derivatives does.

Cooperation Agency, 2002).
Finally, the study determined structural breaks using the third model of Zivot-Andrews by allowing a break in both trend and
intercept. However, all series exhibited statistically insigniﬁcant breaks at P < 0.05 level (Table 7). Therefore, we reject the null hypothesis and conclude that there were no structural breaks when allowing both trend and intercept in third model of Zivot-Andrews.
3.3. Selection of optimal lag length for CO2 emission, agricultural output, foreign direct investment, inﬂation rate, and trade openness
The optimal lag length was estimated using a maximum of four lags. The AIC and SBIC tests identiﬁed the optimum lag length to be
one, which was statistically signiﬁcant at P < 0.05 level (Table 8). Speciﬁcally, this study relied on the AIC and SBIC test results.
Therefore, the optimum lag length used for this study was one. Notably, the logs of the variables in the study were all analyzed with four
lags, thereby minimizing the number of observations per series from 1987 to 2019 to 33, as indicated in Table 8. Determination of
optimal lag length was done because using more lag lengths will reduce the degree of freedom, moreover, using few lags will introduce
auto correlation and multicollinearity (Agboola and Bekun, 2019).
3.4. Co-integration test results of CO2 emission, agricultural output, foreign direct investments, inﬂation rate, and trade openness
Johansen's multivariate co-integration test was conducted, assuming the data exhibited a linear trend and constant variance, and the
Table 5
Summary of the ﬁrst model of Zivot-Andrews allowing breaks in intercept of CO2 emission, agricultural output, foreign direct investment, inﬂation
rate, and trade openness.
Variable
Differenced
Differenced
Differenced
Differenced
Differenced

CO2 emission
agricultural output
foreign direct investment
inﬂation rate
trade openness

Observations#

Lags

T statistic

Break year

17
26
32
21
18

2
0
2
1
0

3.887
5.320***
8.790
8.342
6.110

1999
2008
2014
2003
2000

Notes: Critical values of T statistic: 5.340 at the signiﬁcant level of 1%, 4.800 at the signiﬁcant level of 5%, and 4.580 at the signiﬁcant level of
10%. #, observations estimated by total observations in the speciﬁc series less the number of lags. ***, P < 0.01 level.
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Table 6
Summary of the second model of Zivot-Andrews allowing breaks in trend of CO2 emission, agricultural output, foreign direct investment, inﬂation rate,
and trade openness.
Variable
Differenced
Differenced
Differenced
Differenced
Differenced

CO2 emission
agricultural output
foreign direct investment
inﬂation rate
trade openness

Observations

Lags

T Statistics

Break year

10
24
10
8
9

2
0
2
1
0

3.659***
4.836*
8.500
6.392
5.948

1992
2006
1992
1990
1991

Notes: Critical values of T statistic: 4.930 at the signiﬁcant level of 1%, 4.420 at the signiﬁcant level of 5%, and 4.11 at the signiﬁcant level of 10%;
*, P < 0.1 level; ***, P < 0.01 level.

outcomes are presented in Table 9. In this analysis, the trace and max-eigenvalues tests were applied while using a lag length of 1 on 33
observation samples from 1987 to 2019. The results revealed at least two co-integrating equations at P < 0.01 level (Table 9). The results
also indicated a long-run relationship in the model that is explained by the co-integrating relationship. According to the results of
Johansen's multivariate co-integration test, there were two co-integrating associations. These results indicated that while the variables
deviated from a particular trajectory in the short-to medium-term (an agricultural season cycle), there were long-term trend relationships towards which they reverted in the long run. Moreover, based on the co-integrating relationships, CO2 emission was the dependent
variable that the macroeconomic determinants aligned to by adjusting any deviations.

3.5. Vector error correction results of CO2 emission, agricultural output, foreign direct investments, inﬂation rate, and trade openness
The study further estimated the error correction term using the VECM because of the co-integrating variables. In this context, the
analysis of time-series models involved ﬁtting, estimating, interpreting, and drawing inferences on an unconstrained VECM. The model
was calculated using a lag length of 1 and one co-integrating equation. The calculated parameters are shown below (Table 10). The
estimated error correction term in Table 10 was 43.4670 (Chi2), which was statistically signiﬁcant at P < 0.05 level and indicated the
speed at which the dependent variable returned to equilibrium. Therefore, the system adjusted disequilibrium towards the long-run
relationship at less than 1.00% speed of adjustment to convergence at equilibrium.
The error term was applied in estimating the short-run (Table 11) and long-run (Table 12) relationships of the variables. Notably, in
the short-run estimation, only foreign direct investment was statistically signiﬁcant at P ¼ 0.000 level, whereas all other variables were
statistically insigniﬁcant at P < 0.05 level (Table 11). Furthermore, before the adjustments of normalization by the Johansen's multivariate co-integration test, agricultural output was positive but statistically insigniﬁcant at P < 0.05 level (Table 11). These results
concurred with the ﬁndings of Nyberg et al. (2020). According to Nyberg et al. (2020), agroforestry and terraces improved agricultural
output. However, the overall effect was insigniﬁcant to the Kenya Agricultural Carbon Project (Nyberg et al., 2020).
Table 12 demonstrated that, in the long run, a 1.00% increase in agricultural GDP decreased approximately 2.67% of CO2 emission to
the atmosphere at other conditions remain unchanged (Table 12). Additionally, a 1.00% increase in inﬂation rate and a 1.00% increase
in trade openness decreased CO2 emission to the atmosphere by 0.32% and 1.88%, respectively, at other conditions remain unchanged
(Table 12). The results indicated that agricultural output, inﬂation rate, and trade openness have a negative and signiﬁcant effect on CO2
emission in the long run. These results concurred with the ﬁndings of Gokmenoglu and Taspinar (2018), Parrique et al. (2019), and
Koshta et al. (2020). Additionally, the results of Parrique et al. (2019) conﬁrmed that achieving a complete environmental and economic
decoupling is not possible when relying on just GDP and its components.
However, a 1.00% increase in foreign direct investment increased approximately 0.61% of CO2 emission to the atmosphere at other
conditions remain unchanged (Table 12). The results implied that foreign direct investment inﬂows have a positive and signiﬁcant effect
on CO2 emission in the long run. These results concurred with Islam et al. (2021), who found that in Saudi Arabia, CO2 emission has a
negative relation with economic growth. However, inﬂation rate that contributed to variability in economic growth had a positive
short-run effect. Additionally, temperature and rainfall (mainly affected by CO2 emission) positively and negatively affect Saudi Arabia's
economic growth (Islam et al., 2021). Moreover, the study of Azam et al. (2016) revealed a positive and signiﬁcant relationship between
CO2 emission and economic growth in the United States, China, and Japan.
Table 7
Summary of the third model of Zivot-Andrews allowing breaks in both trend and intercept of CO2 emission, agricultural output, foreign direct investment, inﬂation rate, and trade openness.
Variables
Differenced
Differenced
Differenced
Differenced
Differenced

CO2 emission
agricultural output
foreign direct investment
inﬂation rate
trade openness

Observations

Lags

T statistic

Break year

12
26
32
21
13

2
0
2
1
0

4.252
5.652
8.651
8.194
6.221

1994
2008
2014
2003
1995

Notes: Critical values of T statistics: 5.570 at the signiﬁcant level of 1%, 5.080 at the signiﬁcant level of 5%, and 4.820 at the signiﬁcant level of
10%.
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Table 8
Results of the optimal lag length of CO2 emission, agricultural output, foreign direct investment, inﬂation rate, and trade openness.
Lags

LL

0
1
2
3
4

65.4270
40.8750
58.8230
79.8280
111.6030

LR

df

212.6000
35.8960
42.0100
63.5500*

25.000
25.000
25.000
25.000

P-value

FPE

AIC

HQIC

SBIC

0.000
0.073
0.018
0.000

0.000
3.6e–07*
0.000
0.000
0.000

4.2680
0.6591*
0.2320
0.0100
0.4000

4.3450
0.2013*
0.6080
1.2310
1.2020

4.4950
0.7014*
2.2630
3.6380
4.3610

Note: Endogenous: ln(CO2 emission), ln(agricultural output), ln(foreign direct investment), ln(inﬂation rate), and ln(trade openness). LL, log likelihood; LR, likelihood ratio; df, degree of freedom; FPE, ﬁnal prediction error; AIC, Akaike information criterion; HQIC, Hannan–Quinn information
criterion; SBIC, Schwarz-Bayesian information criterion. The sample number of each variable is 33 observations from 1987 to 2019; *, P < 0.1 level.

Table 9
Johansen's multivariate co-integration test of CO2 emission, agricultural output, foreign direct investments, inﬂation rate, and trade openness.
Maximum
rank

Observations

LL

Eigenvalue

0
1
2
3
4
5

5
14
21
26
29
30

1.2066
21.0062
37.2473
46.1624
48.8353
49.5264

0.7089
0.5944
0.3906
0.1380
0.0377

Trace statistic

Critical value at the 5% signiﬁcant
level

Critical value at the 1% signiﬁcant
level

101.4661
57.0404
24.5583**
6.7280
1.3821

68.520
47.210
29.680
15.410
3.760

76.070
54.460
35.650
20.040
6.650

Note: **, P < 0.05 level.

Table 10
Vector error-correction model (VECM) test results of the ﬁrst differencing of CO2 emission, agricultural output, foreign direct investment, inﬂation
rate, and trade openness.
Variable
Differenced
Differenced
Differenced
Differenced
Differenced

ln(CO2 emission)
ln(agricultural output)
ln(foreign direct investment)
ln(inﬂation rate)
ln(trade openness)

Lags

RMSE

R2

Chi2

P-value

2
2
2
2
2

0.1483
0.0545
1.1911
0.8451
0.1029

0.1879
0.0241
0.5580
0.0166
0.0242

7.8693
0.8392
42.9201
0.5724
0.8444

0.020**
0.657
0.000***
0.751
0.656

Note: RMSE, root-mean-square error; Chi2, Chi-square statistic; **, P < 0.05 level; ***, P < 0.01 level. Each variable has 36 observations from 1984 to
2019. The value of AIC is 0.3892, the value of LL is 21.0062, the value of HQIC is 0.1743, and the value of SBIC is 0.2266.

Table 11
Short-run relationship among the ﬁve differenced variables (CO2 emission, agricultural output, foreign direct investment, inﬂation rate, and trade
openness).
Variable

Differenced
Differenced
Differenced
Differenced
Differenced

ln(CO2 emission)
ln(agricultural output)
ln(foreign direct investment)
ln(inﬂation rate)
ln(trade openness)

Lags

Coefﬁcient

Standard error

Z-test

P-value

95% conﬁdence interval
Minimum value

Maximum value

1
1
1
1
1

0.037
0.012
2.022
0.159
0.013

0.038
0.014
0.309
0.219
0.027

0.97
0.82
6.55
0.73
0.48

0.333
0.413
0.000***
0.468
0.630

0.113
0.016
2.627
0.270
0.039

0.038
0.039
1.417
0.588
0.065

Note: ***, P < 0.01 level.

Nevertheless, this study found a negative relationship between CO2 emission and trade openness (Table 12). These results differed
from the ﬁndings of Rahman (2013). Speciﬁcally, Rahman (2013) found that trade openness had a positive and signiﬁcant impact on
CO2 emission in Bangladesh. The result on the relationship between CO2 emission and foreign direct investment in this study concurred
with Zhu et al. (2016), who pointed out that in the Association of Southeast Asian Nations, foreign direct investment negatively
inﬂuenced CO2 emission except at the 0.5 quantile (50 percentile or median) and the correlation became signiﬁcant at the higher
quantile (Zhu et al., 2016). In addition, this study noted that increased trade openness could help to reduce CO2 emission, particularly in
low- and high-emission countries (Zhu et al., 2016). Other reviewed literature indicated that foreign direct investment directed at
environmentally friendly and proﬁtable agricultural development practices reduced CO2 emission in developing countries (Kastratovic,
2019; Sarkodie and Strezov, 2019). On the other hand, foreign direct investment in activities like oil exploration increased the amount
of CO2 emission (Sarkodie and Strezov, 2019).
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Table 12
Long-run relationships among the ﬁve differenced variables (CO2 emission, agricultural output, foreign direct investment, inﬂation rate, and trade
openness).
Variable

Coefﬁcient

Standard error

Z-test

P-value

Differenced ln(CO2 emission)
Differenced ln(agricultural output)
Differenced ln(foreign direct investment)
Differenced ln(inﬂation rate)
Differenced ln(trade openness)
Constant (Y-intercept)

1.0000
2.6712
0.6064
0.3183
1.8773
18.7223

.
0.7321
0.0572
0.1021
0.5504
.

.
3.65
10.61
3.12
3.41
.

.
0.000***
0.000***
0.002***
0.001***
.

95% conﬁdence interval
Minimum value

Maximum value

.
4.106
0.494
0.518
2.956
.

.
1.236
0.718
0.118
0.799
.

Note: The variable ln(CO2 emission) is the Y in our model, which is equal to 1.0000. ***, P < 0.01 level.

3.6. Hypotheses about the relationship of CO2 emission with selected macroeconomic variables
There are total of four hypotheses about the relationship of CO2 emission with selected macroeconomic variables.
H1. There is no signiﬁcant relationship between CO2 emission and agricultural output in Kenya.
The results of the short-run relationship indicated that the relationship between CO2 emission and agricultural output was positive
and insigniﬁcant at P ¼ 0.413 level (Table 11). However, the long-run relationship implied that there was a negative and statistically
signiﬁcant correlation between CO2 emission and agricultural output at Z ¼ 3.65 and P ¼ 0.000 level (Table 12). Therefore, the study
rejected the null hypothesis.
H2. There is no signiﬁcant relationship between CO2 emission and trade openness in Kenya.
The results of the short-run relationship between CO2 emission and trade openness was negative and statistically insigniﬁcant at P ¼
0.630 level (Table 11). Additionally, the long-run relationship indicated that there was a negative and statistically signiﬁcant correlation
between CO2 emission and trade openness at Z ¼ 3.41 and P ¼ 0.001 level (Table 12). Therefore, the study rejected the null
hypothesis.
H3. There is no signiﬁcant relationship between CO2 emission and foreign direct investment in Kenya.
Similarly, the results of the short-run relationship between CO2 emission and foreign direct investment was negative and signiﬁcant
at Z ¼ 6.55 and P ¼ 0.000 level (Table 11). However, the long-run relationship implied that there was a positive and statistically
signiﬁcant correlation between CO2 emission and foreign direct investment at Z ¼ 10.61 and P ¼ 0.000 level (Table 12). Therefore, the
study rejected the null hypothesis.
H4. There is no signiﬁcant relationship between CO2 and emission inﬂation rate in Kenya.
Finally, the results of the short-run relationship between CO2 emission and inﬂation rate was positive and insigniﬁcant at P ¼ 0.468
level (Table 11). Moreover, the long-run relationship indicated that there was a positive and statistically signiﬁcant correlation between
the CO2 emission and inﬂation rate at Z ¼ 3.12 and P ¼ 0.002 level (Table 12). Therefore, the study rejected the null hypothesis.
3.7. Post-analysis diagnosis test of CO2 emission, agricultural output, foreign direct investment, inﬂation rate, and trade openness
The study conducted a diagnostic analysis of the variables using the Lagrange-multiplier test. The analysis using both the ﬁrst and
second lags of the variables produced an insigniﬁcant outcome at P>0.6715 level. Therefore, the study did not reject the null hypothesis
and concluded that there was no autocorrelation at the ﬁrst and second lags using the Lagrange-multiplier test.
Similarly, the Jarque-Bera test was also used to determine if the disturbances followed a multivariate normal distribution. The test
result indicated that the variables followed the normal distribution at P>0.05 level.
Diagnostic tests were carried out before concluding the computed VECM model. The stability test was the initial diagnostic check.
The stability test ﬁndings implied that the estimates from the unconstrained VECM were stable, and all the companion matrix roots lay
within the unit cycle.
3.8. Granger causality test results of CO2 emission, agricultural output, foreign direct investment, inﬂation rate, and trade openness
In line with Maziarz (2015), the study employed Granger causality test to explain heterogeneity issues in time-series data. The test
was used to show precedence among the variables through a matrix. The results of the Granger causality test showed that foreign direct
investment had signiﬁcant Granger effect on other variables at P < 0.05 level. Therefore, the study rejected the null hypothesis and
concluded that there was presence of variability in the time-series data which was common in previous time-series studies (Coakley
et al., 2006; Siebert, 2018).
4. Conclusions and recommendations
In this study, we explored the relationship of CO2 emission with agricultural output, government direct investment, inﬂation rate,
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and trade openness in Kenya from 1983 to 2019. There existed a positive (direct) and statistically signiﬁcant relationship between CO2
emission and agricultural output in the long run. However, the relationship was insigniﬁcant in the short run before ﬁtting and
correction using the error correction term. The short-run relationship between CO2 emission and foreign direct investment was statistically signiﬁcant. Additionally, the relationship was positive (direct) and statistically signiﬁcant in the long run. In addition, CO2
emission and inﬂation rate showed a positive (direct) and statistically insigniﬁcant relationship in the short run. However, after
adjustment using the error correction term, the relationship between CO2 emission and inﬂation rate became negative (indirect) and
statistically signiﬁcant in the long run. For CO2 emission and trade openness, they exhibited a statistically signiﬁcant relationship.
Speciﬁcally, the relationship was positive and insigniﬁcant in the short-run and negative (indirect) and statistically signiﬁcant after the
error correction term adjustment in the long run.
The results of the EKC hypothesis using CO2 emission and agricultural output provided evidence that the Kenya’ economy is still on
the environmental degradation trade-off. Agricultural output depicted a gradual increase while CO2 emission was also increasing.
However, in the past two decades, the level of CO2 emission has gradually increased at a decreasing rate. Therefore, the country is on its
way to the optimal peak of the EKC.
The study revealed that agricultural output has a signiﬁcant negative effect on CO2 emission. These results implied that increased
agricultural activities contribute indirectly to increased CO2 emission in the country. However, the emission level is insigniﬁcant during
the short-run period. Therefore, the study recommends that governments and residents should strengthen their understanding of sustainable farming practices, such as agroforestry, permaculture, crop rotation, and companion planting, to minimize CO2 and other GHG
emission even during the period of seasonal cycles.
Notably, increased economic growth in the lower- and middle-income countries was identiﬁed to contribute to increased CO2
emission. The study found that Kenya's economic growth relies heavily on agriculture. Additionally, inﬂation rate had an indirect impact
on CO2 emission. Therefore, during the period of high inﬂation rate, Kenya's government should consider subsidizing improved agricultural outputs to enable farmers to use them quickly to increase their agricultural income and minimize CO2 emission from their
farming practices.
Trade openness has a negative and signiﬁcant relationship with CO2 emission. The results indicated that increased trade openness
would indirectly increase CO2 emission. Notably, trade openness has boosted foreign direct investment. Therefore, the study recommends that investment inﬂows following an increase in trade openness should be monitored to ensure that they are used for proﬁtable
and environmentally sound projects. The current study provides a progressive methodology that particularly focused on the agricultural
sector, environmental degradation, and CO2 emission. Therefore, future studies may employ an improved framework to identify the
underlying relationship between livestock output and other environmental factors like methane emission. Another framework that can
be used for further research is the pollution halo hypothesis (also known as pollution haven).
Declaration of competing interest
The authors declare that they have no known competing ﬁnancial interests or personal relationships that could have appeared to
inﬂuence the work reported in this paper.
Acknowledgments
This paper is made possible through my supervisors' academic assistance and guidance and other lecturers' comments and recommendations. I am especially grateful to Dr. Ernest Saina and Dr. Alfred Serem, who were supportive of my academic goals and provided
me with academic assistance and resources to pursue this study.
References
Agboola, M.O., Bekun, F.V., 2019. Does agricultural value added induce environmental degradation? Empirical evidence from an agrarian country. Environ. Sci. Pollut.
Res. 26 (27), 27660–27676.
Agovino, M., Casaccia, M., Ciommi, M., 2019. Agriculture, climate change and sustainability: the case of EU-28. Ecol. Indicat. 105, 525–543.
Akintunde, E., 2017. Theories and concepts for human behavior in environmental preservation. Journal of Environmental Science and Public Health 1 (2), 120–133.
Azam, M., Khan, A.Q., Abdullah, H.B., 2016. The impact of CO2 emissions on economic growth: evidence from selected higher CO2 emissions economies. Environ. Sci.
Pollut. Res. 23 (7), 6376–6389.
Azarkamand, S., Wooldridge, C., Darbra, R.M., 2020. Review of initiatives and methodologies to reduce CO2 emission and climate change effects in ports. Int. J.
Environ. Res. Publ. Health 17 (11), 3858. https://doi.org/10.3390/ijerph17113858.
Badgley, C., Moghtader, J., Quintero, E., 2007. Organic agriculture and the global food supply. Renew. Agric. Food Syst. 22 (2), 86–108.
Coakley, J., Fuertes, A.M., Smith, R., 2006. Unobserved heterogeneity in panel time series models. Comput. Stat. Data Anal. 50 (9), 2361–2380.
Dinda, S., 2004. Environmental Kuznets curve hypothesis: a survey. Ecol. Econ. 49 (4), 431–455.
Dinda, S., 2005. A theoretical basis for the environmental Kuznets curve. Ecol. Econ. 53 (3), 403–413.
Dogan, E., Ozturk, I., 2017. The inﬂuence of renewable and non-renewable energy consumption and real income on CO2 emissions in the USA: evidence from structural
break tests. Environ. Sci. Pollut. Res. 24 (11), 10846–10854.
Duku, C., Zwart, S.J., van Bussel, L.G., 2018. Quantifying trade-offs between future yield levels, food availability and forest and woodland conservation in Benin. Sci.
Total Environ. 610, 1581–1589.
Erdogan, S., Solarin, S.A., 2021. Stochastic convergence in carbon emissions based on a new Fourier-based wavelet unit root test. Environ. Sci. Pollut. Res. 28 (17),
21887–21899.
Food and Agricultural Organization Fao, 2020. Emissions Due to Agriculture. Global, Regional, and Country Trends 2000–2018 [2021-08-13]. http://www.fao.org/3/
cb3808en/cb3808en.pdf.
Francis, O.A., Maina, W.N., Maina, F.M.P., 2015. Youth engagement in agriculture in Kenya: challenges and prospects. J. Cult. Soc. and Develop. 17, 3–19.
Gokmenoglu, K.K., Taspinar, N., 2018. Testing the agriculture induced EKC hypothesis: the case of Pakistan. Environ. Sci. Pollut. Res. 25 (23), 22829–22841.
242

J. Njumwa, E. Saina and A. Serem

Regional Sustainability 3 (2022) 233–243

Government of the Republic of Kenya, 2018. Kenya Vision 2030 (Popular Version). [2021-09-22]. http://vision2030.go.ke/wp-content/uploads/2018/05/Vision2030-Popular-Version.pdf.
Hammond, A., 1995. Environmental Indicators: a Systematic Approach to Measuring and Reporting on Environmental Policy Performance in the Context of Sustainable
Development. World Resources Institute, Washington, DC, pp. 17–18.
Harrabin, R., 2020. Top 10 Tips for Combating Climate Change Revealed.” [2021-09-20]. http://www.bbc.com/news/science-environment-52719662.
Haseeb, M., Azam, M., 2021. Dynamic nexus among tourism, corruption, democracy, and environmental degradation: a panel data investigation. Environ. Dev. Sustain.
23 (4), 5557–5575.
Islam, M.M., Alharthi, M., Murad, M.W., 2021. The effects of carbon emissions, rainfall, temperature, inﬂation, population, and unemployment on economic growth in
Saudi Arabia: an ARDL investigation. PLoS One 16 (4), e0248743. https://doi.org/10.1371/journal.pone.0248743.
Japan International Cooperation Agency Jica, 2002. Country Proﬁle on Environment: Kenya [2021-09-22]. http://hdl.handle.net/1834/779.
Johansen, S., 1988. Statistical analysis of co-integration vectors. J. Econ. Dynam. Control 12 (2–3), 231–254.
Johnson, J.A., Runge, C.F., Senauer, B., 2014. Global agriculture and carbon trade-offs. Proc. Natl. Acad. Sci. U. S. A 111 (34), 12342–12347.
Kaika, D., Zervas, E., 2013. The Environmental Kuznets Curve (EKC) theory—Part A: concept, causes, and the CO2 emissions case. Energy Pol. 62, 1392–1402.
Kastratovic, R., 2019. Impact of foreign direct investment on greenhouse gas emissions in agriculture of developing countries. Aust. J. Agric. Resour. Econ. 63 (3),
620–642.
Khan, M.K., Teng, J.Z., Khan, M.I., 2019. Impact of globalization, economic factors and energy consumption on CO2 emissions in Pakistan. Sci. Total Environ. 688,
424–436.
Kong’o, Y.O., Saina, E., Ng’eno, V., 2018. Is the environmental Kuznets curve hypothesis valid for Kenya? An autoregressive distributed lag (ARDL) approach. Africa
Int. J. Multidiscipl. Res. 2 (3), 70–84.
Koshta, N., Bashir, H.A., Samad, T.A., 2020. Foreign trade, ﬁnancial development, agriculture, energy consumption and CO2 emission: testing EKC among emerging
economies. Indian Growth Dev. Rev. 14 (1), 50–80.
Kuyah, S., Whitney, C.W., Jonsson, M., 2019. Agroforestry delivers a win-win solution for ecosystem services in sub-Saharan Africa. A meta-analysis. Agron. Sustain.
Dev. 39 (5), 1–18.
Lagat, P., Nyangena, J., 2018. The effects of climate variability on livestock production in Kenya. J. Agri. Pol. 1 (1), 58–79.
Lu, Z., Wei, Y., Xiao, H., 2015. Evolution of the human–water relationships in the Heihe River basin in the past 2000 years. Hydrol. Earth Syst. Sci. 19 (5), 2261–2273.
Mahalik, M.K., Villanthenkodath, M.A., Mallick, H., 2021. Assessing the effectiveness of total foreign aid and foreign energy aid inﬂows on environmental quality in
India. Energy Pol. 149, 112015. https://doi.org/10.1016/j.enpol.2020.112015.
Maziarz, M., 2015. A review of the Granger-causality fallacy. J. Phil. Econ.: Reﬂect. econ. soc. iss. 8 (2), 86–105.
McGahey, D., Davies, J., Hagelberg, N., 2014. Pastoralism and the Green Economy – a Natural Nexus? International Union for Conservation of Nature. IUCN) and
United Nations Environment Programme [2021-09-28]. https://www.unep.org/resources/report/pastoralism-and-green-economy-natural-nexus.
Ministry of Environment and Natural Resources, 2015. Kenya's Intended Nationally Determined Contribution (INDC), 25. Government of the Republic of Kenya,
Nairobi, Kenya.
Mwangi, E., 2012. Droughts in the GHA: a Case Study of the 2010/2011 Drought in Kenya [2021-09-29]. http://www.gfdrr.org/sites/gfdrr/ﬁles/Kenya_PDNA_Final.
pdf.
Ndambiri, H.K., Ritho, C.N., Mbogoh, S.G., 2013. An evaluation of farmers' perceptions of and adaptation to the effects of climate change in Kenya. Int. J. Food Agric.
Econ. 1 (1), 75–96.
Nyberg, Y., Musee, C., Wachiye, E., 2020. Effects of agroforestry and other sustainable practices in the Kenya agricultural carbon project (KACP). Land 9 (10), 389.
https://doi.org/10.3390/land9100389.
€
€
€ 2017. Economic growth, energy, and environmental Kuznets curve. Renew. Sustain. Energy Rev. 72, 639–647.
Ozokcu,
S., Ozdemir,
O.,
Parrique, T., Barth, J., Briens, F., 2019. Decoupling Debunked. Evidence and Arguments against Green Growth as a Sole Strategy for Sustainability [2021-09-30].
https://eeb.org/library/decoupling-debunked/.
Qureshi, M.I., Awan, U., Arshad, Z., 2016. Dynamic linkages among energy consumption, air pollution, and greenhouse gas emissions and agricultural production in
Pakistan: sustainable agriculture key to policy success. Nat. Hazards 84 (1), 367–381.
Rahman, M.Z., 2013. Relationship between trade openness and carbon emission: a case of Bangladesh. J. Empir. Econ. 1 (4), 126–134.
Salkind, N.J., 2010. Encyclopedia of Research Design. SAGE Publications, Thousand Oaks.
Sarkodie, S.A., Strezov, V., 2019. Effect of foreign direct investments, economic development, and energy consumption on greenhouse gas emissions in developing
countries. Sci. Total Environ. 646, 862–871.
Siebert, M., 2018. Heterogeneity: what Is it and Why Does it Matter?, 2021-09-30]. https://s4be.cochrane.org/blog/2018/11/29/what-is-heterogeneity/.
Stern, D.I., 2018. The environmental Kuznets curves. In: Companion to Environmental Studies, 49. Routledge in association with GSE Research, pp. 49–54, 54.
United Nations Environmental Programme Unep, 2011. Discussion Paper: Improving Public Participation in International Environmental Governance - UNEP
Perspectives Issue No. 1 [2021-09-29]. http://hdl.handle.net/20.500.11822/9138.
United States Agency for International Development Usaid, 2017. Greenhouse Gas (GHG) Emissions Factsheet: Kenya [2021-08-12]. https://www.climatelinks.org/
resources/greenhouse-gas-emissions-factsheet-kenya.
Velicer, W.F., Molenaar, P.C., 2013. Time series analysis for psychological research. In: Schinka, J.A., Velicer, W.F., Weiner, I.B. (Eds.), Handbook of Psychology,
second ed. John Wiley & Sons, incorporated publisher, Hoboken, pp. 628–660.
Vigren Skogseid, M., 2017. Climate change in Kenya: a review of literature and evaluation of temperature and precipitation data. Student thesis series INES [2021-0829]. https://lup.lub.lu.se/luur/download?func¼downloadFile&amp;recordOId¼8918100&amp;ﬁleOId¼8924136.
Willy, D.K., Muyanga, M., Jayne, T., 2019. Can economic and environmental beneﬁts associated with agricultural intensiﬁcation be sustained at high population
densities? A farm level empirical analysis. Land Use Pol. 81, 100–110.
World Bank, 2019. Kenya Country Environmental Analysis [2021-08-29]. https://openknowledge.worldbank.org/handle/10986/33949.
World Bank, 2022a. World Bank Open Data [2021-07-29]. https://data.worldbank.org/.
World Bank, 2022b. Kenya CO2 Emissions. Environment. [2022-09-27]. https://knoema.com/atlas/Kenya/CO2-emissions.
Zivot, E., Andrews, D.W.K., 1992. Further evidence on the great crash, the oil-price shock, and the unit-root hypothesis. J. Bus. Econ. Stat. 10, 251–270.

243

